those between the ascomycete and the alga -indeed, the nature of the latter relationship has long been debated as to whether it is parasitic or mutualistic [19] . Given that establishing the basis and metabolic currency of lichen symbiotic interactions has proven challenging [2, 19, 20] when studied as binary twoplayer systems, attempts to understand lichen biology will be further complicated by the realization that all four players are likely interacting in a transitory manner, varying their function across 'symbiotic classifications'. Perhaps we should therefore stop thinking about symbiosis from the perspective of how we classify the interaction. A better approach may be to think about symbiosis as a choir of functions, signal dependent and dynamic in nature, with both 'positive' and 'negative' functions being undertaken by a range of players at different times as environmental factors vary. We think that appreciation of the dynamic economies of these interactions will greatly improve our ability to study these increasingly complex multi-player systems. 
Connectomics: Arrested Development
Tilman Triphan 1, * and Andreas S. Thum 1, * Connectomics, the reconstruction of neuronal wiring diagrams via electron microscopy, is bringing us closer to understanding how brains organize behavior. But high-resolution imaging of the brain can do more. A new study now provides insights into how neuronal circuits develop.
Many of us know the fruit fly Drosophila melanogaster as a troublesome companion that can be found on overripe fruits in our kitchens and living rooms.
But this little animal can do much more than just disturb our daily wellbeing. Drosophila has been heavily used to address fundamental questions in developmental biology and genetics [1, 2] . Today, Drosophila serves as a model organism in neuroscience and modern brain research [3] , even in its earlier, larval stage of development [4, 5] . The elementary 'mini-brain' of the larva consists of only about 10,000 cells [6] . It therefore offers a neural substrate that is complex enough to provide insight into central brain functions -some of which are also relevant for humansyet simple enough to allow identification and investigation of the function of every individual cell. This is feasible due to new transgenic techniques, which allow manipulation of the very same small set of neurons, or even individually identified neurons in a population of genetically identical animals [7, 8] . By analyzing the behavioral output of such transgenic flies, which, for instance, may lack a particular type of neuron, it is possible to identify the neuronal circuits that organize a particular behavior [4, 5] . Admittedly, the larva has only a limited behavioral repertoire. However, in order to survive, it uses behavioral strategies like taxes, kineses, associative learning, discrimination, generalization, and memory consolidation -all of which can be studied in the lab [4] . The Drosophila larva offers other advantages too: we now have a complete brain of a first instar larva imaged at 4.4 x 4.4 x 50 nm resolution using serial section transmission electron microscopy [9, 10] . Thus, it is possible to reconstruct, within this brain volume, every single neuron including all its synapses and upstream or downstream partners [11] . Ultimately, the connectivity of an entire brain circuit (the connectome) -an endeavor that is within reach -will help us to understand how behavioral functions are organized. But that's not all.
In this issue of Current Biology, Andrade et al. [12] describe unexpected developmental aspects of the brain using the same high-resolution reconstruction approach.
Drosophila is a holometabolic insect; along with the rest of the animal, the brain is reorganized during pupal metamorphosis. During embryonic development a population of neuroblasts (stem-cell-like progenitors) divide between five and eight times and differentiate to give rise to neurons and glial cells that form the larval 'mini-brain'. Subsequently, almost all neuroblasts arrest before proliferation during the pupal phase to reorganize the larval brain into its adult counterpart by adding newly born cells [13] . This, in turn, means that the insect brain is made up of building blocks, i.e. sets of neurons, all of which arise from the same neuroblast and form a so-called cell lineage, and which temporarily stay together and extend their primary neurite into a common bundle. There are about 100 lineages per brain hemisphere in Drosophila [14] . Each lineage arises through a uniquely identifiable sequence of cells; thus, neurons and glial cells appear at the same time and position in any given animal of the same species [13] . This developmental program is stereotypical and even allows the identification of similar lineages in different insects [15] . Based on the birth order, every lineage gives rise to two sets of cells: an early embryonicborn primary lineage that forms the larval brain, and a larval-and pupal-born secondary lineage. Both are integrated into the adult brain [13] . Using the central complex of the Drosophila brain as an example, the work of Andrade et al. [12] shows that insect brain development has another previously unknown facet.
The central complex is located in the center of the insect brain interconnecting the two protocerebral hemispheres. It consists of four neuropilar compartments: the protocerebral bridge, the ellipsoid body, the fan-shaped body and the noduli [16] . These regions are highly interconnected with each other, and with other brain regions. Accordingly, the central complex processes complex information by integrating multisensory stimuli with the internal state of the insect to guide motor outputs. The central complex is involved in diverse behaviors, such as locomotion, courtship, sleep, hunger, gravitaxis, visual memories, olfaction, and gustation [17] . Another particularly important aspect of the central complex is its key role in insect migration, navigation, and suncompass orientation [18] . The central complex has been suggested to encode an abstract internal representation of the fly's heading direction that may be useful for navigation and orientation [19] . In contrast, the role, or even existence, of the central complex in Drosophila larvae is less well established. Insect larvae that have more complex eyes and legs in earlier stages develop a central complex, but it is speculated that the legless Drosophila larva does not possess such a locomotor and navigation control center [16, 20] .
The work of Andrade et al. [12] analyzes the development of the central complex during larval life in more detail. The authors reconstructed four lineages called DM1-4 in the larval electron microscopy brain volume. In these lineages, which form all columnar neurons of the adult central complex, the authors identified a huge fraction of small Figure 1 . The brain of a hatching Drosophila larva contains four distinct classes of cells.
About 100 neuroblasts -stem-cell-like progenitors -divide during embryonic development to give rise to neurons that form the larval brain. When the larva hatches, 95 neuroblasts are arrested in their development (A) and only 5 neuroblasts undergo continuous differentiation (B) . Surprisingly, the work by Andrade et al. [12] showed that, besides fully differentiated primary neurons (C), previously unreported sets of small undifferentiated neurons exist (D) that account for more than 25% of the early larval brain. At this developmental timepoint, small undifferentiated neurons are developmentally arrested, have no axonal or dendritic branches, and lack synapses. Note that glial cells that are also present in the larval brain are not shown in the figure. undifferentiated neurons. These are developmentally arrested neurons that have a small heterochromatin-rich nucleus, no axonal or dendritic branches, and lack synapses (Figure 1) . The authors expanded their analysis on all larval lineages and identified a total of 802 small undifferentiated neurons that are found in almost every lineage. This is surprising not only because it shows that the larval brain consists of four different cell types instead of three -namely, differentiated primary cells, mitotically quiescent neuroblasts, a small number of actively dividing neuroblasts, and the small undifferentiated neurons -but also because a Drosophila larva is born with more than 25% undifferentiated and pausing neurons. Focusing on the DM1-4 lineages, the authors further show that the small undifferentiated neurons become active again during late larval and pupal development to form the pontine neurons of the fan-shaped body (Figure 2 These are just some of the questions that can now be addressed for the first time. It will be exciting to see which hidden findings the cellular reconstruction of the entire larval brain will provide in the future -in other words, ''there is always money in the banana stand''. Small undifferentiated neurons of the DM1-4 lineages are arrested in their development during earlier larval stages (A). They become reactivated during late larval and pupal development (B). Together with later-born secondary neurons of same DM1-4 lineages, they form parts of the fan-shaped body (FB) of the adult brain during metamorphosis (B,C). Taken together, small undifferentiated neurons are born in the embryo, but they are not used for the functional connection of the larval brain. However, they persist in order to integrate into the adult brain.
